, was isolated from Daucus carota collected from South Korea and its taxonomic position was investigated by using a polyphasic approach. The strain grew well on most media tested and no diffusible pigment was produced. The aerial mycelium formed wrinkled single spores and short spore chains, some of which were branched. The whole-cell hydrolysates contained meso-diaminopimelic acid, glucose, mannose, ribose, galactose and rhamnose. The predominant menaquinones were MK-10(H 4 ), MK-10(H 6 ), ) and MK-10(H 2 ). The polar lipids were diphosphatidylglycerol, phosphatidylcholine, phosphatidylinositol, phosphatidylinositol mannosides, some unknown phospholipids, glycolipids and polar lipids. The major fatty acids were i-C 16 : 0 , ai-C 17 : 0 and C 18 : 1 v9c. The DNA G+C content of the genomic DNA was 63.1 mol%. Phylogenetic analysis indicated that the isolate belongs to the family Nocardiopsaceae. However, based on phenotypic, chemotaxonomic and genotypic data, it was concluded that strain YIM 690008 T represents a novel genus and novel species of the family Nocardiopsaceae, for which the name Actinorugispora endophytica gen. nov., sp. nov. (type strain YIM 690008 T 5DSM 46770
proposed.
The family Nocardiopsaceae was first described by Rainey et al. (1996) with Nocardiopsis as the type genus. So far, there are nine genera of the family Nocardiopsaceae with validly published names: Nocardiopsis (Meyer, 1976) , Thermobifida (Zhang et al., 1998) , Streptomonospora (Cui et al., 2001) , Haloactinospora , Marinactinospora (Tian et al., 2009 ), Murinocardiopsis (Kämpfer et al., 2010 , Spinactinospora (Chang et al., 2011) , Salinactinospora (Chang et al., 2012) and Allosalinactinospora (Guo et al., 2015) . According to the statistics of Chang et al. (2012) , strains of the family Nocardiopsaceae were isolated from different environments, including hypersaline soils, marine sediments, compost, damp stored hay, manure heaps, a salt mine and salt lake. Recently, a novel strain, YIM 690008 T , was isolated from Daucus carota, a common vegetable collected from South Korea, which was found to be closely related phylogenetically to the genus Marinactinospora, but with very different phenotypic 3These authors contributed equally to this work. and chemotaxonomic characteristics. Here, the accurate taxonomic position of strain YIM 690008 T was determined by using a polyphasic taxonomic approach.
Roots of Daucus carota were washed in running water to remove soil particles and sterilized by an established procedure . After being surface-sterilized, the samples were sliced into pieces, followed by plating on TWYE agar (containing 0.25 g yeast extract, 0.5 g K 2 HPO 4 and 18 g agar l 21 tap water, pH 7.2) containing nalidixic acid (25 mg l 21 ), nystatin (50 mg l
21
) and cycloheximide (50 mg l
) to repress growth of Gram-reaction negative bacteria and fungi. The plates were incubated at 28 8C for 4-6 weeks until the outgrowth of endophytic actinobacterial strains was discerned. Colonies originating from leaf segments were selected and pure cultures were obtained by repeated streaking on YIM 38 medium [10 g malt extract, 4 g yeast extract, 4 g glucose, vitamin mixture (containing 0.5 mg each of thiamine-HCl, riboflavin, niacin, pyridoxine-HCl, inositol, calcium pan-tothenate and p-aminobenzoic acid and 0.25 mg biotin), 20 g agar; pH 7.2] . The purified strain YIM 690008 T was maintained on tryptic soy agar (TSA) slants at 4 8C and as 20 % (v/v) glycerol suspensions at 280 8C.
The extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Li et al. (2007) . Multiple alignments with sequences of the most closely related actinobacteria were carried out using the CLUSTAL X 1.8 program (Thompson et al., 1997) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) tree-making algorithms using the software packages MEGA version 5.0 (Tamura et al., 2011) and PHYLIP version 3.6. The stability of relationships was assessed by performing bootstrap analyses with 1000 resamplings (Felsenstein, 1985) . The values for sequence similarity among the most closely related strains were determined using the EzTaxon-e server Database (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The G+C content of the genomic DNA was determined by using the HPLC method (Mesbah et al., 1989 ).
An almost complete 16S rRNA gene sequence (1542 bp) of strain YIM 690008 T was generated. The highest sequence similarity was found with Marinactinospora thermotolerans SCSIO 00652 T (96.7 %). Phylogenetic analysis, based on 16S rRNA gene sequences, showed that strain YIM 690008 T clustered with M. thermotolerans SCSIO 00652 T (Figs. 1, S1 and S2, available in the online Supplementary Material). The DNA G+C content of strain YIM 690008 T was 63.1 mol%. These data supported the finding that strain YIM 690008
T should be a member of the family Nocardiopsaceae.
Gram reactivity was determined by using the standard Gram stain technique, and cell motility was established by the development of turbidity through a tube containing semi-solid medium (Leifson, 1960) . The characteristics of cultures of strain YIM 690008
T were recorded from growth on ISP (International Streptomyces Project) media (Shirling & Gottlieb, 1966 ), Czapek's agar, potatoglucose agar (PDA) and nutrient agar prepared as described by Dong & Cai (2001) . Colony colours were determined using the ISCC-NBS colour charts (Kelly, 1964) . Observations of mycelia and spores of strain YIM 690008 T , which had been grown on Czapek's agar medium for 3-7 weeks at 28 8C, were made by light microscopy (model BH 2; Olympus), scanning and electron microscopy (XL30 ESEM-TMP; Philips). Growth was tested at 4, 10, 15, 20, 28, 37, 40, 45 and 55 8C on ISP 2 medium by incubating the cultures for 35 days. The ability of the strain to grow at different pH values (pH 4, 5, 6, 7, 8, 9 , 10 and 11, using the buffer system described by Xu et al., 2005) and NaCl concentrations (0-15 %, w/v, at 0.5 % intervals) was examined at 28 8C for 35 days. Catalase, oxidase and gelatinase activities, starch hydrolysis, nitrate reduction and urease were assessed as described by Smibert & Krieg (1994) . Media and procedures used for the determination of other physiological characteristics, carbon source utilization and acid production from carbohydrates were those described by Gordon et al. (1974) . Antibiotic susceptibility was examined as described by Groth et al. (2004) using antibiotic discs on modified ISP 2 agar medium.
Strain YIM 690008
T was an aerobic, non-motile, Gramstain-positive actinomycete that formed well-developed substrate mycelium with sparse white aerial mycelium only on PDA and Czapek's agar (Fig. 2a) . In contrast to M. thermotolerans SCSIO 00652 T , particularly after incubation for 42 days on Czapek's agar, wrinkled single spores and short spore chains were found on the aerial hyphae (Figs. 2b and 2c); bifurcate spore chains were also observed (Fig. 2d) . Strain YIM 690008
T grew well on ISP 1, ISP 2, ISP 6, ISP 7 and PDA, with moderate growth on ISP 4, nutrient agar and Czapek's agar, and poor growth on ISP 5 medium (Table S1 ). No soluble pigments were produced on any of the test media. The colonies were yellow-white on ISP 1, ISP 2, ISP 5, ISP 6, ISP 7 and PDA media, and deep yellow on ISP 4, nutrient agar and Czapek's agar media. Strain YIM 690008
T could grow at 10-40 8C, at pH 7-8 and in the presence of 0-5.5 % (w/v) NaCl, but not in 6 % (w/v) NaCl. It was susceptible to (mg per disc) ceftriazone (30), ciprofloxacin (5), erythromycin (15), minocycline (30), norfloxacin (10), polymyxin B (300), teicoplanin (30), tobramycin (10) and vancomycin (30), but resistant to (mg per disc) amoxicillin (10), ampicillin (10), cefazolin (30), gentamicin (10), nitrofurantoin (300) and oxacillin (1). The detailed physiological and biochemical characteristics of strain YIM 690008 T are given in the genus and species descriptions.
The freeze-dried cells used for chemotaxonomic analyses were obtained from cultures grown in tryptic soy broth on a rotary shaker at 28 o C for 21 days. Analyses of amino acids and sugars of whole-cell hydrolysates were performed according to the procedures described by Actinorugispora endophytica gen. nov., sp. nov. Hasegawa et al. (1983) ; Lechevalier & Lechevalier (1970) and Tang et al. (2009) . Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures (Collins & Jones, 1980; Minnikin et al., 1979) . Menaquinones were isolated according to Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983) . Cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. Fatty acid methyl esters were analysed by using the Microbial Identification software package (Sherlock Version 6.1; MIDI databaseTSBA6).
The peptidoglycan of isolate YIM 690008
T contained mesodiaminopimelic acid as the diagnostic diamino acid of the peptidoglycan, whereas the whole-cell sugars detected were glucose, mannose, ribose, galactose and rhamnose. The predominant menaquinones were MK-10(H 4 ) (35.6 %), MK-10(H 6 ) (34.3 %), MK-10(H 8 ) (11.2 %) and MK-10(H 2 ) (6.1 %), with MK-11(H 6 ) (3.7 %), MK-9(H 6 ) (2.8 %), MK-11(H 4 ) (2.6 %), MK-9(H 8 ) (2.4 %) and MK-11(H 8 ) (1.3 %) as minor components. Diphosphatidylglycerol, phosphatidylcholine, phosphatidylinositol, phosphatidylinositol mannosides, unknown phospholipids, glycolipids and polar lipids were detected (Fig. S3) . The major fatty acids were i-C 16 : 0 (43.9 %), ai-C 17 : 0 (11.0 %) and C 18 : 1 v9c (10.9 %) ( Table 1, Table S2 ). These chemotaxonomic characteristics of YIM 690008 T were quite different from those of M. thermotolerans SCSIO 00652 T , implying that strain YIM 690008 T could not be affiliated to the genus Marinactinospora.
On the basis of the phenotypic, genotypic and phylogenetic data presented here, strain YIM 690008 T differed from its closest relative, M. thermotolerans SCSIO 00652 T , and the other genera of the family Nocardiopsaceae. Strain YIM 690008 T represents a novel genus, for which the name Actinorugispora gen. nov. is proposed. The type species of the genus is Actinorugispora endophytica sp. nov.
Description of Actinorugispora gen. nov. Actinorugispora (Ac.ti.no.ru.gi.spo'ra. Gr. n. actis, actinos a ray; L. fem. n. ruga a wrinkle; Gr. n. spora a seed; N. L. fem. n. Actinorugispora an organism with wrinkled spores).
Aerobic, non-motile, Gram-stain-positive actinomycete that forms well-developed substrate mycelium. The aerial M.-J. Liu and others mycelium forms wrinkled single spores and short spore chains, some of which are branched. No diffusible pigments are produced. The whole-cell hydrolysates contain meso-diaminopimelic acid, glucose, mannose, ribose, galactose and rhamnose. The predominant menaquinones are MK-10(H 4 ), MK-10(H 6 ), MK-10(H 8 ) and MK-10(H 2 ). The polar lipids are diphosphatidylglycerol, phosphatidylcholine, phosphatidylinositol, phosphatidylinositol mannosides, unknown phospholipids, glycolipids and polar lipids. The major fatty acids are i-C 16 : 0 , ai-C 17 : 0 and C 18 : 1 v9c.
The type species is Actinorugispora endophytica. The DNA G+C content of the genomic DNA of the type strain of the type species is 63.1 mol%.
Description of Actinorugispora endophytica sp. nov.
Actinorugispora endophytica (en.do.phy'ti.ca. Gr. pref. endo within; Gr. n. phyton plant; L. fem. suff. -ica adjectival suffix used with the sense of belonging to; N.L. fem. adj. endophytica within plant, endophytic).
Displays the following properties in addition to those described for the genus. Good growth on ISP 1, ISP 2, ISP 6, ISP 7 and PDA, with moderate growth on ISP 4, nutrient agar and Czapek's agar and poor growth on ISP 5 medium. Colonies are yellow-white on ISP 1, ISP 2, ISP 5, ISP 6, ISP 7 and PDA media, and deep yellow on ISP 4, nutrient agar and Czapek's agar media. Wrinkled single spores and short spore chains are found on aerial hyphae after incubation for 42 days on Czapek's agar medium. Grows at 10-40 uC, at pH 7-8 and in the presence of 0-5.5% (w/v) NaCl, but not in 6% (w/v) NaCl. Negative for the production of gelatinase and H 2 S. Positive for the production of catalase, oxidase and urease. Negative for milk coagulation and peptonization. The hydrolysis of starch, Tweens 20, 40 and 80, and nitrate reduction are positive. Tween 60 and cellulose are not hydrolysed. Utilizes dulcitol, D-galactose, lactose, maltose, sucrose, Cai et al., 2008; Cui et al., 2001 ); 9, Salinactinospora (Chang et al., 2012) ; 10, Allosalinactinospora (Guo et al., 2015) . Cell walls of all taxa contained meso-diaminopimelic acid. Gal, galactose; Xyl, xylose; DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PC, phosphatidylcholine; PI, phosphatidylinositol; PG, phosphatidylglycerol; PIM, phosphatidylinositolmannoside; PME, phosphatidylmethylethanolamine; PL, unknown phospholipid; GL, unknown glycolipids; UL, unknown lipid; i, iso; ai, anteiso; ND, no data available. pH range for growth 7-8 6-9 6.0-10.5 5-9 7-9 6-14 6-9 5-9 6-9 6-9 NaCl concentration range for growth (%, w/v) The type strain, YIM 690008 T (5DSM 46770 T 5JCM 30099 T 5KCTC 29480 T ), was isolated from Daucus carota, collected from South Korea. The DNA G+C content of the type strain is 63.1 mol%.
